original contributions nature publishing group Hypertension accounts for ~45% of cardiovascular morbidity and mortality. 1 Globally, 7.6 million premature deaths and 92 million disability-adjusted life-years are attributable to hypertension, which is the most important modifiable risk factor for cardiovascular disease. [2] [3] [4] Hypertension has been studied extensively in high, low, and middle income countries. 5, 6 But studies on hypertension and blood pressure (BP) in highaltitude areas are scarce; the results are controversial, and most studies are drawn from populations <4,000 m. 7, 8 We conducted the present study in the Qinghai-Tibet plateau at an altitude of 4,300 m to investigate the prevalence, awareness, treatment, and control of hypertension in pastoral Tibetans. We undertook the study to advance scientific knowledge on the prevalence of hypertension in high-altitude areas as well as to provide information to guide effective, evidencebased policy decisions for the prevention and control of hypertension in Tibet.
Background
Studies on blood pressure (BP) in high-altitude areas are scarce and the results are controversial. Tibetans live in regions at high altitudes, and data on the prevalence of hypertension in this population is not currently well known. .7) mm Hg and the prevalence of hypertension was 55.9%. Of note, 61.2% of those with hypertension had stage 2 hypertension (SBP ≥160 or DBP ≥100 mm Hg). at age 70 years and older, the mean (s.d.) SBP/DBP were 182.8 (30.9)/102.6 (13.4) mm Hg. among those with hypertension (n = 392), only 19.9% were aware of their condition, 2.6% were taking medication, and only one participant had controlled BP.
Methods
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of Peking University Health Science Center and informed consent was obtained from participants before the survey.
Data collection.
We conducted the majority of the survey at the village committee's offices and made household visits for participants who lived far from the office. Demographic characteristics, past medical history, and lifestyle-related factors were collected through a standard questionnaire administered by trained interviewers in the Tibetan language. BP, height, and weight were measured with validated instruments according to standard operating procedures.
A trained medical practitioner took three consecutive BP measurements from the right arm of each participant. These measurements were taken in a seated position using an appropriately sized cuff, in a quiet room at normal room temperature, and with at least one minute of rest between measurements. A previously validated electronic sphygmomanometer (model: Omron HEM-759P; Omron, Dalian, China) was used to make the measurements. 10 In 2008, we conducted a calibration study between the electronic and mercury devices in the same region and used the previously described additive calibration equation for all reported BP in this study. 11 Definition and classification of hypertension. Hypertension was defined as systolic BP (SBP) ≥140 mm Hg and/or diastolic BP (DBP) ≥90 mm Hg, and/or self-reported treatment of hypertension with antihypertensive medication taken in the past 2 weeks. BP was categorized into four groups (normal, prehypertension, stage 1, and stage 2 hypertension) according to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 12 Definitions of awareness, treatment, and control rates of hypertension. Awareness, treatment, and control rates of hypertension were defined only among those participants who were identified as hypertensive through the study's screening. Awareness of hypertension was defined as self-reported hypertension diagnosed by a healthcare professional previously to the study's screening. Treatment of hypertension was defined as self-reported use of any prescribed medications with proven efficacy for the management of hypertension during the past 2 weeks. Control of hypertension was defined as medical treatment of hypertension associated with SBP <140 mm Hg and DBP <90 mm Hg.
Other variables. Height and weight were measured using a measuring tape and a digital body weight scale (Omron HN-283; Omron, Yangzhou, China) according to a standardized protocol. Participants wore light indoor clothing and did not wear shoes. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters, and was categorized according to the Chinese-specific criteria for defining underweight (<18.5 kg/m 2 ), normal weight (18.5-<24 kg/m 2 ), overweight (24-<28 kg/m 2 ), and obesity (≥28 kg/m 2 ). 13 Semiquantitative questions were asked to quantify the major classes of food consumed by participants.
Statistical methods. The measurements from the three readings of SBP and DBP for each participant were calibrated before determining the average, using a previously described method. 11 The mean of the three measurements was used in all analyses. The study sample was stratified by sex and age group: 40-49, 50-59, 60-69, and 70 years and above. Continuous variables were reported as means and corresponding standard deviations, with categorical variables as proportions with 95% confidence intervals. Age-standardized prevalence was calculated by the direct method using the 2001 WHO World Standard Population. 14 original contributions
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ipants was 55.4 years, with the oldest participant at 89 years of age. The participants' educational level was low, with most (84.2%) having no formal education. The majority (94.9%) of this population were herdsman. The proportion of current smokers was low (5.1%), especially among men (10.6%), compared to the national average in China. The proportion of current alcohol drinkers (drinking at least once per week) was 9.1%. Almost all (99.1%) participants consumed Tibetan yak butter tea daily. The overall prevalence of overweight and obesity were 24.2% and 6.3%, respectively. Roasted barley flour is the staple food of Tibetans, with 82.8% of participants consuming >500 g daily. More than 50% eat >100 g/day of livestock meat, while only 4.1% eat >500 g/day of fruits and vegetables. Over 90% of the households owned cows or sheep and ~50% owned horses. Of surveyed families, 59%, 49%, 47%, and 1% owned a television, truck and/or tractor, motorbike, or car, respectively. Table 2 shows the gender and age-specific mean BP values for all participants. Men consistently had higher average BP levels than women (P < 0.001) across all age groups. SBP and DBP increased with age across the entire age range (P for trend <0.001) and the highest mean BP level of 182.8/102.6 mm Hg was found in men 70 years and older.
BP levels by age and sex
Prevalence of hypertension
The crude prevalence of hypertension was 55.9% ( Table 3) . The age-standardized prevalence was 57.1% for the whole sample using the 2001 WHO World Standard Population. In general, the prevalence of hypertension increased with age in both sexes (both P values for trend <0.01) and was higher among men than women (P < 0.01). By age 70, 100% of men and 86% of women had hypertension.
distribution of BP categories
Gender and age-specific estimates of the distribution of BP categories are presented in Figure 1 . Only 10.3% of men and 20.5% of women had normal BP, whereas 66.1% of men and 48.3% of women were hypertensive. The survey revealed that a stunning 61.2% of hypertensive participants had stage 2 hypertension. Among hypertensive participants older than 70, stage 2 hypertension accounted for over 83% of cases.
awareness, treatment, and control of hypertension
Among participants with hypertension, only 19.9% were aware of their hypertensive status, 2.6% were currently on antihypertensive medication, and only 1 man had controlled BP (Table 4) . Additionally, men were more aware of their hypertensive status compared to women (23.6% vs. 16.1%, P = 0.049), and though not reaching statistical significance, treatment was also more common in men than women (4.0% vs. 1.0%, P = 0.12). Figure 2 shows the mean SBP and DBP levels adjusted by age and gender according to four BMI categories. No gender-specific results were reported due to small sample sizes for the two extreme groups (6 underweight men and 19 obese men). For the total sample, there was a graded association between BMI categories and average SBP and DBP levels-the higher the BMI, 16, 17 and for the first time revealed a much higher proportion of severe hypertension in comparison with other populations. According to one study conducted in the urban districts of Lhasa published in 2003 in a Chinese journal, the prevalence of hypertension among adults aged 40 years and older was 40.1%. 17 These findings demonstrate that the prevalence of hypertension in Tibet is much higher than the rest of China, where 28% of men and 29% of women aged 45-59 years old, and 50% of men and 52% of women over the age of 60, were hypertensive in a 2002 national survey. 18 A recent survey of renal disease conducted in Lhasa and Dangxiong County found that 38.8% of Tibetans aged 18 years and older had hypertension. 19 This contrasts with our study's 56% prevalence of hypertension. Although these villages are in a similar area, participants were aged 18 years or older while our participants were aged 40 years and older. Because there was no age-specific 
relationship between BMi and BP
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Hypertension in Tibet data we cannot make a direction comparison. However, it is worth noting that both studies found that the prevalence of hypertension in Tibet was higher than other parts of China and are also higher than those in developed nations as well. For example, in the United States, 32.6% of adults aged 40-59 years old were hypertensive between 1999 and 2004. Among Americans over the age of 60, hypertension rose to 66.3% in the same period. 20 In the European Union, 44.2% of adults aged 35-64 years old were hypertensive during the 1990's. 21 The exact etiology of the high prevalence and severity of hypertension in Tibetans is unclear. Tibet's high altitude has long been considered a cause of hypertension by local medical professionals in addition to observations in temporary or longterm visitors in Tibet. A 1980 cross-sectional study of 35, 629 Tibetan adults from the Qinghai-Tibetan plateau revealed no significant correlation with altitude and the age-standardized prevalence of stage 2 hypertension. 15 The prevalence of stage 2 hypertension was nearly double in Tibetans living at elevations of 2,500-4,000 m compared to those living above 4,000 m. 15 Another study conducted between 2001 and 2005 with over 14,000 adult Chinese workers born at low altitude working on the Qinghai-Tibet Railway (85% of which is over 4,000 m and peaks at 5,072 m) found that only a small fraction of previously normotensive workers (8.5%) developed transient hypertension and BP returned to baseline levels within three months. 22 These findings were in agreement with previous reports on transient elevations of hypertension in other populations. [23] [24] [25] However, the relationship between altitude and BP is still not entirely clear for people who remain in high-altitude areas for most of their lives.
Another potential culprit for these high levels of hypertension is a high-sodium, low-potassium daily intake which is typical of the Tibetan diet-particularly through the consumption of large volumes of Tibetan yak butter tea. 15, 26 This tea is more similar to a rich broth than regular tea and contains ~5.77 g of salt/l of tea. 27 Detailed and sophisticated measuring techniques have reported an intake of 3-4 l of yak butter tea daily, or an annual consumption of 10.7 kg of brick tea in Tibetan adults. 28, 29 Self-reported data from our survey confirm these reports, with 99% of participants drinking yak butter tea daily original contributions
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for an estimated average of 7.6 l/day. This elevated level of salt consumption among Tibetans has been confirmed through dietary assessments to range from 20-30 g/day, or about four to five times the WHO recommended adult daily salt intake, and is largely attributable to salt in yak butter tea. 15, 26 There is a significant amount of evidence in the literature around the relationship between high-sodium intake and elevated BP. The Tibetan diet is also characterized by low consumption of fresh fruits and vegetables, coupled with a relatively high meat and fat intake, which can potentially be related to high BP in this region. There is prior evidence of a significant positive association between increasing BMI and increasing BP in other populations 30, 31 at high altitudes, 32, 33 and it has been confirmed in Tibetans by our findings and several other studies. 34 However, the prevalence of overweight and obesity among Tibetans in our sample (30.5%) was much lower than the national level, and thus could not explain why Tibetans have such a disproportionately high prevalence and severity of hypertension. Therefore, further studies are required to determine the exact etiologic factors for the high prevalence of hypertension in Tibetans.
Despite the high prevalence and severity of hypertension in Tibetans, the rates of awareness, treatment, and control were dismally low. There are several possible reasons for the low awareness, treatment, and control rates we found. The combination of an austere, hypoxic high-altitude environment, low population density, and scarcity of healthcare resources often results in long, arduous distances to reach medical facilities. This can lead to delays in seeking medical services until serious symptoms arise. Furthermore, for patients able to receive pharmacological antihypertensive treatments, the likelihood of successfully managing their hypertension, without addressing the high level of dietary salt intake, is remote. Data from our study showed that, among the few hypertensive patients receiving treatment, >50% took traditional Tibetan medications with unknown efficacy and none of these patients had controlled BP. Patient compliance to medical regimens could be a significant obstacle in the successful management of hypertension in this population. The low levels of awareness, treatment, and control of hypertension in this population highlights the need for simple, cost effective, and safe public health measures, such as a low-sodium salt substitute, that can avoid the need to manage individual hypertensive patients with pharmacologic interventions. 35 One of the strengths of this study is that, to the best of our knowledge, this is the first study to present comprehensive data on the prevalence, awareness, treatment, and control of hypertension in this population living at an altitude above 4,300 m, and more importantly, the distribution of severe hypertension subtypes among rural Tibetan herdsmen. The present study has important implications in developing local policies on prevention and control of cardiovascular disease, given that 57% of Tibet is covered in pasturing areas and a large proportion of the population participates in agro-pastoral occupations. 36 The standardized protocol, validated instruments, and highly trained research personnel ensured the validity and quality of data collected. In particular, we used a previously validated electronic device to measure BP which greatly reduced the more extensive training required for mercury sphygmomanometers. The electronic device also enhanced the feasibility and quality of a study conducted in a limited resource setting.
This study has certain limitations. First, the sample came from one township in Tibet. Thus, the study results may not be applicable to all Tibetan populations. Nevertheless, our study is the first to provide systematic information on hypertension in rural Tibet. Secondly, due to the austere environment and resource constraints, detailed dietary assessments with 24-h dietary recalls were not collected, which could have original contributions
yielded a more precise measurement of dietary salt intake for individuals. This limits our ability to analyze the association between salt intake and BP at the individual level. However, 24-h urinary samples are not an objective measure of sodium intake. A third limitation of our study is that we only have selfreported data about how much yak butter tea is consumed per day, which provides an idea of how common drinking the tea is, but makes it difficult to precisely quantify.
In conclusion, our study confirmed the high prevalence and severity of hypertension in rural Tibetans. However, future studies on the etiologic causes are urgently needed, particularly on the role of high-altitude living and a high dietary salt intake. Despite the high prevalence rate of hypertension, awareness, treatment and control were unacceptably low. The results of this study underscore the urgent need for simple, low cost, culturally acceptable, and geographically appropriate hypertension prevention and management programs in Tibet in order to avert the growing burden of hypertension-related diseases.
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